It has been shown in an earlier communication (Moudgal et al., '57) that the goitrogenic action of groundnut1 is due to its glycoside (arachidoside) content. On the basis of in creased excretion of phenols in the group of rats fed arachi doside, and of an increased iodine content in the phenolic fraction of the urine as compared with the control, it was sug gested that this glycoside acted as an antithyroid compound by forming molecular compounds with elemental iodine in the gland. Confirmatory evidence for this hypothesis, obtained in studies using radioactive iodine (I131) is presented in this communication. The study has been extended to cover other anthocyanin pigments isolated from the outer skin-covering of edible nuts similar in nature to groundnuts.
It has been shown in an earlier communication (Moudgal et al., '57 ) that the goitrogenic action of groundnut1 is due to its glycoside (arachidoside) content. On the basis of in creased excretion of phenols in the group of rats fed arachi doside, and of an increased iodine content in the phenolic fraction of the urine as compared with the control, it was sug gested that this glycoside acted as an antithyroid compound by forming molecular compounds with elemental iodine in the gland. Confirmatory evidence for this hypothesis, obtained in studies using radioactive iodine (I131) is presented in this communication. The study has been extended to cover other anthocyanin pigments isolated from the outer skin-covering of edible nuts similar in nature to groundnuts.
EXPERIMENTAL
Isolation of anthocyanin pigments. Bed amorphous pig ments were isolated from the outer red skin-covering of cashew nuts (Anacardium occidentale) and almonds (Prunus amygdalus) by the same method used earlier in the prepara tion of arachidoside from groundnuts (Moudgal et al., 557) .
A red tannin pigment was also isolated from the common areca nut (Areca catechu) which is an article of human con-sumption in India. The commercially available nut is a pro cessed variety containing only 15% of tannins whereas the original nut contains nearly 35% (The Wealth of India, '48).
A 50% alcoholic extract of the processed areca nut was ob tained by soaking the nuts overnight in alcoholic solution. The extract was filtered and the alcohol removed completely. The red amorphous powder thus obtained was purified by redissolving in a small amount of alcohol, followed by filtra tion and evaporation of the alcohol.
All 4 pigments are water-soluble. The pigment isolated from Anacardium occidentale has been named anacardioside, and this term has been used throughout in the present series of investigations.
Influence of arachidoside on the radioactive iodine (I131) uptake and distribution in the thyroid glands of albino rats. Twelve albino rats weighing on an average 70 gm were di vided into three groups of 4 each. Group I served as a control and was fed only the basal diet. Group II was the arachidoside-supplemented group, maintained on the basal diet plus a daily supplement of 25 mg of arachidoside per rat. Group III was similar to group II, except that a daily supplement of 10 ng of iodide as Kl per rat was given in ad dition to arachidoside.
The composition of the basal diet and the method of feeding etc., have been reported earlier (Srinivasan et al., '57) . At the end of a feeding period of 7 weeks, each rat was given an intraperitoneal injection of 100 |jc of carrier-free radioactive iodine. Four hours after in jection, the rats were sacrificed under ether anesthesia, and the thyroids dissected out, quickly weighed on a torsion bal ance and transferred to test tubes containing 6 ml of 3.5 N NaOH. The samples were fractionated into inorganic iodine, diiodotyrosine iodine and thyroxine iodine fractions according to the method of Morton and Chaikoff ('43) . Suitable aliquots of the various fractions were transferred to steel planchets for the measurement of radioactivity using a Geiger counter attached to a "Panax"
sealer. The results of this investigation are presented in table 1. Influence of anacardioside feeding on body weight, thyroid iveight and thyroidal I131uptake of albino rats. Fifteen albino rats weighing, on an average, 63 gm were divided into three groups of 5 each. Group I was maintained on the basal diet, whereas to group II a daily supplement of 20 mg of anacardio side per rat was given. Group III was given, in addition to anacardioside, a daily supplement of 15 Mgof KI per rat. The composition of the basal diet and the feeding period were the same as those used in our earlier studies (Srinivasan et al., '57) . At the end of the feeding period, 100 pc of carrier-free radioactive iodine was administered to each rat intraperitoneally, the rats transferred to individual metabolic cages and the urine collected for the subsequent 24 hours. The rats were then killed under ether anesthesia, the residuary urine in the bladder aspirated out as detailed earlier (Srinivasan et al., '57) and the thyroids dissected immediately and weighed on a torsion balance. The thyroid glands were then processed according to the method of Taurog and Chaikoff ( '47) , and the radioactive iodine was fractionated into three portions â€"nonprotein-bound iodine (NPBI), diiodotyrosine iodine and thyroxine iodine, according to the method of Taurog and Chaikoff ('46) . The radioactivity in the various fractions was measured as in the earlier case using a Geiger counter at tached to a "Panax" sealer. The results of these investiga tions are presented in tables 2 and 3. Thyroid glands from another set of rats grouped in the above manner were removed at the end of the experimental period for histological exam ination.
Influence of anthocyanin pigments and tine areca catechin on the organic binding of I131 by thyroid tissue slices. The experimental techniques followed were essentially those of Franklin, Chaikoff and Lerner ('44) . The reaction was car ried out in 10-ml beakers in a Dubnoff metabolic shaking in cubator. The composition of the reaction medium and the conditions of incubation are detailed in table 4. Each of these inhibitor compounds was tested in triplicate. In the control beakers, the inhibitor solution was replaced by an equal vol ume of Krebs, Einger bicarbonate solution (KEB).
At the termination of the incubation period, the reaction media were decanted from the beakers and the slices im mersed for 20 seconds in 3 ml of KEB solution. The solution was discarded and the operation repeated with a fresh 3-ml portion of KEB solution. The slices were then gently pressed between folds of a filter paper moistened with KEB and then ground well with 1.5 ml of 5% trichloroacetic acid and the ground mass transferred to centrifuge tubes. After centri fuga tion the residue was washed with 1 ml of 5% trichloro acetic acid, again centrifuged and the first and second supernatant solutions mixed and then made to a known volume. This represented the NPBI fraction.
The residue in the centrifuge tubes was hydrolysed for 8 hours over a steam bath with 6 ml of 2 N NaOH. The hydrolysates were then adjusted to pH 2.5 to 3.0 and repeatedly extracted with 10-ml portions of acidified n-butanol. The bu- (Moudgal et al., '57 ) that 
Influence of anthocyanin pigments and areca catechin on the monoiodotyrosine (MIT) synthesis in cell-free preparations of sheep thyroid tissue
The experiment was carried out in test tubes containing the following reaction medium: 2 ml of 20% isotonic KC1 homogenate, 0.5 ml of 0.1 M phosphate buffer pH 7.4, 0.2 ml of 0.04 M tyrosine, 0.2 ml of 0.04 M CuCl, solution, 0.05 ml of Im solution containing 10 MCof Im and 0.4 ml of inhibitor solution or distilled water, final volume 3.55 ml. Incubation for three hours at 37Â°C. method followed for the preparation of the homogenate, in cubation and the post-incubation treatment was essentially the same as that for the tyrosine iodinase system adopted by Fawcett and Kirkwood ('53) . The composition of the incu bation medium and the conditions of incubation are indicated in table 6. The radioautograph was developed according to the method of Fawcett and Kirkwood ('53) . The results are presented in table 6.
RESULTS AND DISCUSSION
From the results presented in table 1, it can be seen that feeding arachidoside to albino rats brings about a consider able reduction in the I131 content of diiodotyrosine and thyroxine fractions of the thyroid gland. These results thus provide confirmatory evidence for the hypothesis that arachi doside is goitrogenic by virtue of its capacity to interfere with the organic binding of iodine. The slight compensatory increase in the radioactivity of the inorganic iodine fraction (table 1) however, is not equivalent to the observed decrease of radioactivity in the organic fraction. The total iodine of the thyroid gland of rats fed arachidoside is nearly 50% less than that present in the thyroid of control rats. This sug gests that arachidoside, besides interfering with the organic binding of iodine, may directly inhibit the iodine uptake by the thyroid. This inhibitory effect on the iodine concentrating capacity of the thyroid gland could not be observed in the earlier study (Srinivasan et al., '57) , presumably owing to the mildness of the goitrogenic effect of defatted groundnut cake. Small amounts of KI added as supplements to the arachido side diet afford a partial protection against the goitrogenic action. This is in keeping with the results reported earlier with defatted groundnut cake (Srinivasan et al., '57 ).
The influence of anacardioside feeding on the body and thy roid weights of albino rats can be assessed from the data in the other hand, it can be seen that anacardioside supplemen tation inhibits the growth of rats. The thyroid weights of rats fed anacardioside are considerably increased. Supplementa tion of the diet Avith small amounts of KI reverses the inhibi tory effect of anacardioside on growth and further helps to maintain the thyroid weight within the normal range. The distribution of radioactivity in the various fractions of the thyroid, and the pattern of urinary excretion of radio active iodine by rats fed anacardioside are presented in table 3. That anacardioside interferes with the normal uptake of I131 by thyroid is evident from the low radioactivity present in the NPBI fraction. It is also seen from the I131 content of the diiodotyrosine and thyroxine fractions, that anacardioside inhibits the organic binding of iodine as well. The increased urinary excretion of radioactivity in rats fed anacardioside is similar to the effect observed earlier with defatted ground nut cake (Srinivasan et al., '57) .
Anacardioside supplementation thus results in an increase in thyroid weight of rats, a decrease in uptake as well as or ganic binding of iodine by the thyroid gland and an increase in the urinary excretion of radioactive iodine. These observa tions clearly point to this glycoside being a potent goitrogen.
The histological examination of thyroids of rats fed anacar dioside showed increased colloid spaces filled with faintly staining colloid and thus provides further evidence for the goitrogenic action of this glycoside. The picture was that of a typical colloid goitre without any accompanying hyperplasia. Similar examination of thyroid slices of rats fed anacardioside and potassium iodide indicated a partial re versal of the goitre.
The results obtained with the above two anthocyanin pig ments suggested a strong possibility that this goitrogenic action might be a property shared by other anthocyanin pig ments and related compounds. Hence the in vitro effect of three such glycosides, as well as of a catechin, on the uptake and organic binding of I131 in thyroid tissue slices was stud-ied. From table 4, it is clear that all of the 4 test compounds significantly inhibit the organic binding of iodine in surviving thyroid tissue slices. Unlike the thiocarbamides (Pitt-Rivers, '50), these compounds bring about a significant decrease in the iodine concentration of the non-protein fraction also.
Fawcett and Kirkwood ('53) from their in vitro experi ments conclude that all aromatic compounds capable of form ing substituted derivatives with iodine and possessing electron-donating groups are potential thyroid inhibitors. Anthocyanins and their closely related flavonol derivatives, like catechins, contain polyphenolic components in their moieties and one of the products of total breakdown of these com pounds is phloroglucinol. The reactivity of these polyphen olic groups towards iodine is dependent upon the total number of the hydroxyl groups present in the molecule and the or ientation of these hydroxyl groups with respect to each other. It can be seen from table 5, that all of the 4 compounds are capable of forming stable iododerivatives containing large amounts of iodine. This suggests a probable mechanism whereby these glycosides interfere with normal thyroid func tion. Thus they may act as competitors with tyrosine for elemental iodine in the thyroid gland. To test this possibility, the influence of the iododerivatives of these compounds on the organic binding of radioactive iodine in surviving thyroid tissue slices was studied. It is evident from table 5 that inclusion of these iododerivatives even at twice the concen tration of the corresponding noniodinated analogues does not bring about any significant change in the organic binding of iodine.
Phloroglucinol, which is known to be the final breakdown product of many of these polyphenolic compounds, has been shown to be a powerful goitrogen (Arnot and Doniach, '52). The formation of iodophloroglucinol in in vitro systems has been observed by Fawcett and Kirkwood ('53) . The fact that the test polyphenolic compounds form iododerivatives directly suggests that the formation of phloroglucinol from these comby on November 15, 2010 jn.nutrition.org Downloaded from pounds in an in vitro system is not a prerequisite for these substances inhibiting normal thyroid function. Fawcett and Kirkwood ( '54) have reported the preparation of the enzyme tyrosine iodinase which catalyses the singlestep iodination of tyrosine to monoiodotyrosine.
Since the action of the enzyme is independent of the formation of el emental iodine from inorganic iodide (cupric ion is responsible for this oxidative conversion), the enzyme system offers it self as a convenient tool for studying the possible action of suspected goitrogenic agents at the stage of the synthesis of MIT. Hence, in the present case, the action of the above test compounds on the MIT synthesis by cell-free preparations of thyroid tissue was studied. The results are presented in table 6. Since the same volume of the incubation mixture (30 nl) was delivered on to the chromatogram paper in each case, the intensity of the MIT spot on the radioautogram gives an idea of the extent of inhibition brought about by a particular test compound. It can thus be seen that generally the above test compounds are inhibitory at the 50 ng level but have no action at the 25 ng level. Anacardioside even at the 50 ng level does not cause total inhibition of MIT synthesis. This observation, together with the fact that anacardioside feeding to rats results in a marked reduction of radio activity, even in the NPBI fraction (table 3) suggests more than one mode of action for this compound, namely, that it may act both by inhibiting the uptake of inorganic iodine and by blocking the organic binding of iodine. It is also of in terest to note that in experiments with iodinated derivatives of these anthocyanin pigments, the percentage of I131 re covered from the KEB medium is the least in the case of io dinated anacardioside (table 5). The fact that areca catechin totally inhibits MIT synthesis in the present case and loses its entire activity on iodination (table 5) Thus the present investigation shows that all of the 4 com pounds are goitrogenic by virtue of the fact that they compete with tyrosine for elemental iodine, forming stable iododerivatives at the gland site. Hence their goitrogenic activity can be partially overcome by supplementing the diet with small amounts of KI.
SUMMAEY
The inclusion of arachidoside and anacardioside, the pig ments isolated from the outer skin-covering of groundnuts and cashewnuts respectively, in the diet of rats, at a level of 20 mg per rat per day for 7 weeks results in goitre. In corporation of potassium iodide in the diet counteracts par tially the goitrogenic action of the anthocyanins. Results of studies on the distribution of radioactive iodine in the thyroid glands of the rats suggest that the pigments inhibit the or ganic binding of radioactive iodine.
An anthocyanin pigment and a catechin have been isolated from almonds and areca nuts respectively. In vitro experi ments employing the tissue slice as well as homogenate tech nique reveal that all of the above 4 test compounds interfere with the organic binding of radioactive iodine. The test com pounds form stable iododerivatives which, however, do not possess any significant inhibitory effect on the organic bind ing of radioactive iodine. The implications of the results are discussed.
